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METHOD OF PURIFYING EXHAUST GAS OF 
AN INTERNAL COM BUSTION ENGINE 



5 BACKGROUND OF THE INVENTION 

1 . Field of the invention 

The present invention relates to a method of 
purifying the exhaust gas of internal combustion engines 
and, more specifically, to a method of purifying the 
10 exhaust gas by using a NOx occluding and reducing 

catalyst. 

2. Description of the Related Art 

There is known a method of purifying the 
exhaust gas of an internal combustion engine by disposing 

15 a NOx occluding and reducing catalyst in an exhaust gas 

passage of the internal combustion engine to selectively 
occlude and hold NOx in the exhaust gas by adsorption, by 
absorption or by both of them when the air-fuel ratio of 
the exhaust gas flowing in is lean, and to reduce the 

2 0 occluded NOx with reducing components in the exhaust gas 

when the air-fuel ratio of the exhaust gas flowing in 
becomes the stoichiometric air-fuel ratio or a rich air- 
fuel ratio, and by causing the NOx occluding and reducing 
catalyst to occlude the NOx in the exhaust gas from the 

25 engine when the engine is operated at a lean air-fuel 
ratio, and purifying the NOx occluded by the NOx 
occluding and reducing catalyst by reduction with 
reducing components in the exhaust gas from the engine 
when the engine is operated at the stoichiometric air- 

30 fuel ratio or at the rich air-fuel ratio. 

In the method of purifying exhaust gas by using 
the NOx occluding and reducing catalyst, a problem often 
arises in regard to a drop in the NOx purifying 
capability of the NOx occluding and reducing catalyst due 

35 to the occlusion of sulfur in the fuel, i.e., sulfur 
contamination. Fuel such as gasoline or diesel oil 
contains sulfur in small amounts and, hence, trace 
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amounts of SOx (sulfur oxides such as S0 2 , S0 3 , etc.) are 
contained in the exhaust gas after the combustion- The 
SOx in the exhaust gas is occluded by the NOx occluding 
and reducing catalyst based on the same mechanism as for 
5 the NOx. However, once occluded, the SOx is not released 

from the NOx occluding and reducing catalyst under a 
temperature condition where the NOx occluded by the NOx 
occluding and reducing catalyst can be purified by 
reduction. 

10 When the exhaust gas contains SOx, therefore, 

the amount of SOx occluded by the NOx occluding and 
reducing catalyst gradually increases after the 
repetition of occlusion and reduction of NOx , and the 
amount of NOx that can be occluded decreases by an amount 

15 of the SOx that is occluded. Namely, the SOx causes a 

decrease in the NOx occluding capability or NOx purifying 
capability of the NOx occluding and reducing catalyst, 
i.e., the so-called sulfur contamination {or S 
contamination ) occurs . 

20 Once the sulfur contamination takes place on 

the NOx occluding and reducing catalyst, the NOx 
purifying capability must be recovered by carrying out 
the operation at a rich air-fuel ratio while elevating 
the catalyst temperature to be considerably higher than 

25 that usual for purifying the NOx by reduction. When the 

operation continues for long periods of time in a low- 
speed and low-load region where the exhaust gas 
temperature of the engine is low, therefore, the 
temperature of the exhaust gas must be raised to a 

30 considerable degree to remove the SOx contamination. 
Thus, there arise such problems that the SOx 
contamination is not removed to a sufficient degree and 
the fuel is consumed in increased amounts for removing 
the SOx contamination, 

35 In order to solve these problems, there has 

been devised a method of preventing the occurrence of SOx 
contamination by suppressing the occlusion of SOx in the 
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exhaust gas by the NOx occluding and reducing catalyst. 

For example, Japan se Patent No. 3154105 
discloses a method of suppressing the occlusion by th 
NOx occluding and reducing catalyst by mixing an additive 
5 to the fuel thereby to convert gas components such as S0 2 
and S0 3 in the exhaust gas into solid sulfates. 

According to the method of '105 patent, an 
additive containing a metal compound such as barium is 
added to the fuel which is, then, supplied into the 
10 combustion chamber of an engine and is burned; i.e*, the 
additive reacts with sulfur in the fuel and forms a 
sulfate {e.g., barium sulfate BaSo 4 ) in the form of solid 
particles. 

Thus formed sulfate is in the form of solid 

15 particles and is not occluded by the NOx occluding and 

reducing catalyst unlike the gaseous sulfur oxide. in 
the method of '105 patent, therefore, the amount of SOx 
occluded by the NOx occluding and reducing catalyst does 
not increase, and the NOx purifying capability of the NOx 

2 0 occluding and reducing catalyst does not decrease (sulfur 

contamination does not occur) even after the no x 
occluding and reducing catalyst is used for extended 
periods of time. 

However, a method such as that disclosed in the 

25 '105 patent which decreases SOx in the exhaust gas by 

adding, to the fuel, an additive that forms a solid 
sulfate upon reacting with sulfur during the combustion, 
sometimes causes problems. 

According to the method of '105 patent, for 

30 example, an additive is added to the fuel. That is, the 
additive must be mixed into the fuel beforehand, or the 
additive must be supplied separately from the fuel and be 
added into the fuel before it is supplied to the engine. 
Apart from the case where fuel premixed with the additive 

35 is supplied, it is desired that the interval for 

supplying the additive is lengthened as much as possible 
by minimizing the consumption of the additive, if the 



additive is supplied separately from th fuel. According 
to the method of '105 patent/ how v r, no consideration 
has been given to suppressing the consumption of the 
additive . 

5 Besides, the solid sulfate formed by the 

additive is in the form of fine particles, and is not 
trapped by the NOx occluding and reducing catalyst but is 
released into the atmosphere passing through the 
catalyst* Therefore, there arises a problem of an 

10 increase in the total amount of the particulate matter 

emitted from the engine if the additive is used even when 
it is not truly needed. 

This problem occurs either when there is used 
the fuel into which the additive has been mixed already 

15 or when the fuel and the additive are separately 

supplied* 

It has further been known that when an additive 
such as a metal compound is mixed into the fuel, there 
takes place knocking due to a decrease in the octane 

2 0 value of the fuel, as will be described later, or an 

increased deposit forms on the combustion chambers and on 
the exhaust valves of the engine. 

Therefore, the above-mentioned problems must be 
solved when an additive such as a metal compound that 

25 forms a solid sulfate in the exhaust gas upon the 

reaction with sulfur is added to the fuel as in '105 
patent. However, '105 patent does not give consideration 
to these problems . 

SUMMARY OF THE INVENTION 

30 In view of the problems inherent in the above- 

mentioned prior art, it is an object of the present 
invention to provide a method of purifying exhaust gas of 
internal combustion engines, capable of decreasing the 
consumption of a sulfur-solidifying agent, suppressing an 

35 increase in the amount of particulate matter, suppressing 
the occurrence of knocking and suppressing the formation 
of deposit when an agent that forms a solid sulfate in 
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the exhaust gas upon reaction with sulfur (hereinafter 
called "sulfur-solidifying agent"), such as a metal 
compound, is supplied to the engine in order to suppress 
the sulfur contamination on the NOx occluding and 
5 reducing catalyst. 

One or more of the objects as set forth above are 
achieved by the method of purifying exhaust gas of an 
internal combustion engine, according to the present 
invention, comprising steps of, disposing a NOx occluding 

10 and reducing catalyst in an exhaust gas passage of the 

internal combustion engine to selectively occlude and 
hold NOx in the exhaust gas by adsorption, by absorption 
or by both of them when the air-fuel ratio of the exhaust 
gas flowing in is lean, and to reduce the occluded NOx 

15 with reducing components in the exhaust gas when the air- 

fuel ratio of the exhaust gas flowing in becomes the 
stoichiometric air-fuel ratio or a rich air-fuel ratio, 
and 

causing the catalyst to occlude the NOx in the exhaust 
2 0 gas from the engine when the engine is operated at a lean 
air-fuel ratio, and purifying the NOx occluded by the 
catalyst by reduction with reducing components in the 
exhaust gas from the engine when the engine is operated 
at the stoichiometric air-fuel ratio or at the rich air- 
25 fuel ratio, wherein a sulfur-solidifying agent that forms 

a solid sulfate upon the reaction with SOx at the time of 
combustion is supplied to the engine to solidify the SOx 
in the exhaust gas thereby to prevent the SOx in the 
exhaust gas from being occluded by the NOx occluding and 
30 reducing catalyst, and the amount of supplying said 
sulfur-solidifying agent to the engine is controlled 
depending upon the condition of the atmosphere of said 
catalyst. 

Namely, in the present invention, when the sulfur- 
35 solidifying agent is supplied to the engine, its amount 
of supply is controlled depending upon the condition of 
the atmosphere of the NOx occluding and reducing 
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catalyst. As the sulfur-solidifying ag nt may be 
supplied to the engine in a decreas d amount or may not 
be supplied if the condition of the atmosphere of the 
catalyst is not suitable for forming the sulfur 
5 contamination, therefore, it possible to decrease the 

consumption of the sulfur-solidifying agent and 
suppressing the particulate matter from increasing. 

According to another aspect of the present 
invention, there is provided a method of purifying 
10 exhaust gas of an internal combustion engine comprising 
steps of disposing a NOx occluding and reducing catalyst 
in an exhaust gas passage of the internal combustion 
engine to selectively occlude and hold NOx in the exhaust 
gas by adsorption, by absorption or by both of them when 
15 the air-fuel ratio of the exhaust gas flowing in is lean, 
and to reduce the occluded NOx with reducing components 
in the exhaust gas when the air-fuel ratio of the exhaust 
gas flowing in becomes the stoichiometric air-fuel ratio 
or a rich air-fuel ratio, and causing the catalyst to 
20 occlude the nox in the exhaust gas from the engine when 
the engine is operated at a lean air-fuel ratio, and 
purifying the NOx occluded by the catalyst by reduction 
with reducing components in the exhaust gas from the 
engine when the engine is operated at the stoichiometric 
25 air-fuel ratio or at the rich air-fuel ratio, wherein a 
sulfur-solidifying agent that forms a solid sulfate upon 
the reaction with SOx at the time of combustion is 
supplied to the engine to solidify the SOx in the exhaust 
gas thereby to prevent the SOx in the exhaust gas from 
30 being occluded by the NOx occluding and reducing 
catalyst, and the amount of supplying the sulfur- 
solidifying agent to the engine is controlled depending 
upon the operating condition of the engine. 

According to this aspect of the invention, when the 
35 sulfur-solidifying agent is to be supplied to the engine, 
the amount suppied is controlled depending upon the 
operating condition of the engine. Therefore, the 
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sulfur^solidifying agent is supplied to the engine in a 
d creased amount or is not suppli d when the SOx will not 
be occluded by the NOx occluding and reducing catalyst 
such as when engine is operated at a rich air-fuel ratio 
5 or when the temperature of the exhaust gas is high. This 

makes it possible to decrease the consumption of the 
sulfur-solidifying agent and to suppress the problem such 
as formation of particulate matter in an increased 
amount. It is further possible to suppress the formation 
10 of deposit and occurrence of knocking by decreasing the 

supply of the sulf ur-solidif ying agent when the engine is 
operated under the conditions where the deposit may 
increase or the knocking may occur. 

According to another aspect of the invention, there 
15 is provided a method of purifying exhaust gas of an 

internal combustion engine comprising steps of disposing 
a NOx occluding and reducing catalyst in an exhaust gas 
passage of the internal combustion engine to selectively 
occlude and hold NOx in the exhaust gas by adsorption, by 
2 0 absorption or by both of them when the air-fuel ratio of 

the exhaust gas flowing in is lean, and to reduce the 
occluded NOx with reducing components in the exhaust gas 
when the air-fuel ratio of the exhaust gas flowing in 
becomes the stoichiometric air-fuel ratio or a rich air- 
2 5 fuel ratio , and causing the catalyst to occlude the NOx 

in the exhaust gas from the engine when the engine is 
operated at a lean air-fuel ratio, and purifying the NOx 
occluded by the catalyst by reduction with reducing 
components in the exhaust gas from the engine when the 
30 engine is operated at the stoichiometric air-fuel ratio 

or at the rich air-fuel ratio, wherein a sulfur- 
solidifying agent that forms a solid sulfate upon the 
reaction with SOx at the time of combustion is supplied 
to the engine to solidify the SOx in the exhaust gas 
35 thereby to prevent the SOx in the exhaust gas from being 
occluded by the NOx occluding and reducing catalyst, and 
the amount of supplying the sulf ur-solidif ying agent to 
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the engine is controlled depending upon th NOx occluding 
capability of the NOx occluding and reducing catalyst. 

According to this aspect of the invention, vhen the 
sulfur-solidifying agent is to be supplied to the engine, 
5 its amount of supply is controlled depending upon the NOx 

occluding capability (purifying capability) of the NOx 
occluding and reducing catalyst, when, for example, the 
NOx occluding and reducing catalyst has a large NOx 
occluding capability, the no occluding capability does 

10 not greatly decrease even though the SOx is occluded to 
some extent. However when the NOx occluding capability 
of the NOx occluding and reducing catalyst is decreased 
due to sulfur contamination or any other cause of 
deterioration, the NOx occluding capability may decrease 

15 greatly even when it occludes a small amount of the SOx 
in the exhaust gas. Therefore, the supplied amount of 
the eulfur-solidifying agent to the engine is controlled 
depending upon the NOx occluding capability of the NOx 
occluding and reducing catalyst in this aspect of the 

20 invention, in order to suppress the wasteful consumption 

of the sulfur-solidifying agent while maintaining a high 
NOx purification efficiency. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will be better understood from 
25 the description, as set forth hereinafter, with reference 
to the accompanying drawings in which: 

Fig. 1 is a diagram schematically illustrating the 
constitution of an apparatus for applying the method of 
purifying exhaust gas of the invention to an automotive 
30 engine; 

Fig. 2 is a diagram illustrating a relationship 
between the load conditions of the engine of Fig. 1 and 
the operating air-fuel ratio; 

Fig. 3 is a flowchart illustrating a first 
35 embodiment of the additive supply control operation in 

the method of purifying exhaust gas according to the 
present invention; 



Fig. 4 is a diagram schematically illustrating th 
constitution of the apparatus according to a modified 
example of the first mbodiment; 

Fig, 5 is a flowchart illustrating a second 
5 embodiment of the additive supply control operation in 

the method of purifying exhaust gas according to the 
present invention ; 

Fig. 6 is a diagram schematically illustrating the 
constitution of the apparatus according to a modified 
10 example of the second embodiment; 

Fig. 7 is a diagram schematically illustrating the 
constitution of an apparatus for carrying out a third 
embodiment of the additive supply control operation in 
the method of purifying exhaust gas according to the 
15 present invention; 

Fig, 8 is a flowchart illustrating the third 
embodiment of the additive supply control operation in 
the method of purifying exhaust gas according to the 
present invention; 
20 Fig. 9. is a diagram schematically illustrating the 

constitution of the apparatus according to a modified 
example of the third embodiment; 

Fig, io is a flowchart for illustrating the additive 
supply control operation according to a modified example 
25 of the third embodiment; 

Fig. 11 is a flowchart illustrating a fourth 
embodiment of the additive supply control operation in 
the method of purifying exhaust gas according to the 
present invention ; 
3 0 Fig. 12 is a flowchart illustrating a fifth 

embodiment of the additive supply control operation in 
the method of purifying exhaust gas according to the 
present invention, and 

Fig, 13 is a diagram schematically illustrating the 
35 constitution of the apparatus according to a modified 
example of the fifth embodiment. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 
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Embodiments of the invention will now be described 
by using the accompanying drawings. 

Fig. 1 is a diagram schematically illustrating the 
basic constitution of the whole apparatus of when the 
5 method of purifying exhaust gas of the present invention 

is applied to an automotive gasoline engine. 

In the drawing, reference numeral 1 denotes an 
internal combustion engine (the drawing illustrates one 
cylinder only), la denotes a cylinder combustion chamber, 

10 3a denotes an intake valve, 5 denotes an exhaust gas 

passage, 5a denotes an exhaust valve, 7 denotes a spark 
plug, and 9 denotes a piston* Further, reference numeral 
40 denotes a fuel injector for directly injecting the 
fuel into the engine combustion chamber la, 

15 In this embodiment, the engine 1 is a so-called lean 

burn engine of which the operating air-fuel ratio is 
varied depending upon the load conditions and is operated 
at an air-fuel ratio leaner than the stoichiometric air- 
fuel ratio in most of the operation regions. 

20 In the embodiment, a start catalyst 5b which is a 

known three-way catalyst is disposed in the exhaust gas 
passage 5 at a position close to the engine l f and a NOx 
occluding and reducing catalyst 20 is disposed on the 
downstream thereof. 

2 5 when the air-fuel ratio of the exhaust gas of the 

engine 1 is lean, the NOx occluding and reducing catalyst 
removes the NOx from the exhaust gas by selectively 
absorbing or adsorbing the NOx in the exhaust gas to hold 
(occlude) it. When the air-fuel ratio of the exhaust gas 

3 0 o£ the engine 1 becomes the stoichiometric air-fuel ratio 

or a rich air-fuel ratio, the NOx occluding and reducing 
catalyst releases the occluded NOx while reducing and 
purifying it into N 2 by using hydrocarbons and CO and 
other reducing components contained in the exhaust gas. 
35 As the amount of NOx occluded by the NOx occluding 

and reducing catalyst 2 0 increases during the operation 
at a lean air-fuel ratio, the NOx occluding capability of 
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the NOx occluding and reducing catalyst 20 decreases 
depending upon the amount of NOx that is occluded- As 
the removing efficiency (the purifying ratio) of NOx in 
the exhaust gas of the NOx occluding and reducing 
5 catalyst 20 decreases as the occluding capability of the 

NOx occluding and reducing catalyst decreases, the 
exhaust gas purification ratio of the NOx occluding and 
reducing catalyst 20 decreases with an increase in the 
amount of NOx occluded by the catalyst 20. In a state 

10 where the NOx occluding and reducing catalyst has 

occluded the NOx to the maximum amount that can be 
occluded (i.e., the saturated state), the NOx occluding 
and reducing catalyst 2 0 is not capable of occluding the 
NOx in the exhaust gas any more, and the NOx occluding 

15 and reducing catalyst 2 0 exhibits a 2ero NOx purification 

ratio. 

According to this embodiment, a rich spike operation 
in which the engine 1 is operated at a rich air-fuel 
ratio for a short period is conducted in order to prevent 

2 0 a drop in the NOx removing efficiency when the amount of 

NOx occluded by the NOx occluding and reducing catalyst 
2 0 has increased to some extent (or when the NOx 
purification ratio has dropped to some extent). 

Upon conducting the rich spike operation, the air- 

25 fuel ratio of the exhaust gas of the engine 1 temporarily 

becomes a rich air-fuel ratio; i.e., the oxygen 
concentration thereof decreases and the amounts of 
unburned hydrocarbons, C0 2 and CO, which are reducing 
components in the exhaust gas, increase. These 

30 components react with the NOx occluded by the NOx 

occluding and reducing catalyst 20, whereby the NOx 
occluded by the NOx occluding and reducing catalyst is 
reduced and purified into N 2 and is released from the NOx 
occluding and reducing catalyst 20. 

35 Owing to the rich spike operation, the amount of NOx 

occluded by the NOx occluding and reducing catalyst 20 
decreases, and the NOx occluding and reducing catalyst 



recovers its NOx occluding capability. 

How ver, the gasoline contains trace amounts of 
sulfur components and, hence , the exhaust gas of the 
engine 1 contains SOx (sulfur oxides such as SO a , S0 3/ 
etc) formed by the combustion of sulfur. 

Like NOx, the SOx is occluded by the NOx occluding 
and reducing catalyst by adsorption or by absorption. 
Besides, the SOx that is once occluded is not released 
from the NOx occluding and reducing catalyst despite of 
conducting the rich spike operation for reducing and 
purifying the NOx. 

Therefore, even if the rich spike operation is 
conducted at a suitable interval during the operation at 
a lean air-fuel ratio, the amount of SOx occluded by the 
NOx occluding and reducing catalyst continues to 
increase. When the SOx is occluded in an increased 
amount, too, the NOx occluding and reducing catalyst 
exhibits a decreased NOx occluding capability like when 
the NOx is occluded in an increased amount, and the NOx 
purifying capability decreases correspondingly • A drop 
in the NOx purification ratio of the NOx occluding and 
reducing catalyst due to an increase in the occluded 
amount of SOx is referred to as "sulfur contamination" in 
this specification . 

The SOx occluded by the NOx occluding and reducing 
catalyst can be released therefrom by supplying the rich 
exhaust gas of a high temperature into the NOx occluding 
and reducing catalyst. In order to remove the sulfur 
contamination, however, the operation must be conducted 
for a certain period of time at a rich air-fuel ratio 
while elevating the temperature of the exhaust gas to be 
considerably higher than that of during the normal 
operation. This causes problems such as a change in the 
torque produced by the engine, an increase in the fuel 
consumption and an insufficient removal of the sulfur 
contamination during the operation. 

in practice, therefore, it is better to suppress the 



sulfur contamination of the NOx occluding and reducing 
catalyst by deer aeing the SOx in the exhaust gas than to 
remove the sulfur contamination that has once occurred. 

In this embodiment, therefore, the sulfur- 
solidifying agent is supplied to the engine to burn it 
together with the fuel in order to decrease the amount of 
SOx in the exhaust gas. 

The sulfur-solidifying agent used in the embodiment 
is a compound containing a metal such as potassium (K), 
barium (Ba), calcium <Ca), iron (Fe) or cesium (Ce), and 
is supplied to the engine combustion chamber in the form 
of a liquid solution dissolved in a solvent or in the 
liquid fuel. During the combustion, the sulfur- 
solidifying agent selectively reacts with the sulfur 
component in the fuel to form a solid metal sulfate in 
the exhaust gas. The sulfate of the metal is in the form 
of solid particles at normal exhaust gas temperatures, 
and is not occluded by the catalyst even when it flows 
into the NOx occluding and reducing catalyst but passes 
through the catalyst. On the other hand, the amount of 
gaseous SOx (SO z , so 3 , etc.) in the exhaust gas decreases 
by an amount by which the sulfate is formed. By 
supplying the sulfur-solidifying agent to the engine, 
therefore, it becomes possible to prevent the sulfur 
contamination of the NOx occluding and reducing catalyst. 

To supply the sulf ur-solidif ying agent to the 
engine, however, the fuel to which the sulfur-solidifying 
agent is added must be supplied to the fuel tank of the 
engine, or a device must be provided for supplying the 
sulfur-solidifying agent to the engine separately from 
the fuel. m either case, it is desired to decrease the 
consumption of the sulfur-solidifying agent as much as 
possible to lower the operation cost of the engine. 

The sulfur-solidifying agent forms solid particles 
(sulfate) which are not trapped by the catalyst but are 
exhausted downstream of the catalyst. When the sulfur- 
solidifying agent is used, therefore, the amount of 
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particulate matter released from the engine slightly 
increases. This is not desirable and, from the 
standpoint of preventing an increase in the amount of 
particulate matter, therefore, it is desired to decrease 
5 the use of the sulfur-solidifying agent as much as. 
possible. 

When the sulfur-solidifying agent is burned in the 
combustion chamber together with the fuel, the amount of 
deposit on the exhaust valves increases and the knocking 

10 often occurs as will be described later. 

In using the sulfur-solidifying agent, therefore, it 
is desired to determine whether it should be used or to 
determine the amount of its addition by taking the above 
problems into consideration. In order to determine 

15 whether the sulfur-solidifying agent should be used 

depending upon various conditions or to change the amount 
of use depending upon the conditions, it becomes 
necessary to supply the sulfur-solidifying agent by using 
a device separate from the device for supplying the fuel 

2 0 to adjust the supplied amount instead of using the fuel 

to which the sulfur-solidifying agent has been mixed in 
advance. 

In this embodiment, by taking the above into 
consideration, the sulfur-solidifying agent is stored 

2 5 separately from the fuel of the engine 1, and is added to 

the fuel immediately before it is injected from the fuel 
injector 40 into the engine 1. 

In Fig. l f reference numeral 45 denotes a fuel tank 
of the engine 1, and 43 denotes a high-pressure fuel 

3 0 pump. Reference numeral 41 denotes a common rail 

connected to the fuel injectors 40 in the cylinders* The 
common rail 41 is supplied with the fuel in the fuel tank 
45 being pressurized by the high-pressure fuel pump 43, 
and the fuel is distributed to the fuel injectors 40 of 
35 the cylinders from the common rail 41. 

In this embodiment, provision is made of a system 
for supplying the sulfur-solidifying agent separately 
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from the fuel syst m such as th fuel tank 4 5 and the 
fuel pump 43, in Fig. 1, reference numeral 51 denotes an 
additive tank for storing an additive comprising the fuel 
or a combustible solvent in which the sulfur-solidifying 
5 agent is dissolved at a suitable concentration, and 53 

denotes an additive pump for adding, into the common rail 
41, the additive in the tank while highly pressurising 
it. The additive added to the common rail 41 is mixed in 
the common rail 41 with the fuel supplied from the fuel 

10 tank 45, and is injected into the combustion chamber 
through the fuel injector 40. 

The additive pump 53 is provided with a discharge 
amount control mechanism, and supplies, to the common 
rail 41, the additive at a flow rate that varies 

15 depending upon an amount-adjusting signal from the ECU 30 
that will be described later. According to this 
embodiment, as will be described later, the discharge 
amount, of the additive pump 53 is adjusted depending upon 
the condition of the atmosphere at the NOx occluding and 

2 0 reducing catalyst 2 0 and the operating condition of the 

engine, to control the amount of the additive supplied to 
the engine 1. 

In Fig. l r reference numeral 30 denotes an 
electronic control unit (ECU) of the engine 1., In this 

2 5 embodiment, the ECU 3 0 is constituted as a known 

microcomputer in which a ROM, a RAM, a CPU and 
input /output ports are connected together through a bi- 
directional bus. The ECU 3 0 performs fundamental 
controls, such as controlling the injection pressure by 

30 varying the fuel pressure in the common rail 41 by 

controlling the discharge amount of the fuel pump 43 
depending upon the operating condition, controlling the 
fuel injection amount by controlling the timing and 
period for activating the fuel injector 40, and 

35 controlling the fuel injection by controlling the timing 
for activating the fuel injector 40. In this embodiment, 
the ECU 30 further controls the supply of the additive by 
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controlling the discharge amount of the additive pump 53 
depending upon the conditions. 

In this embodiment , as described above, the sulfur- 
solidifying agent is stored in the tank 51 separately 
5 from the fuel and is supplied to the engjine. Therefore , 

the sulfur-solidifying agent must be supplied to the tank 
51 separately from the fuel, and the consumption of the 
sulfur-solidifying agent must be decreased as much as 
possible from the standpoint of reducing the frequency of 

10 supply. It is therefore desired to decrease the 

consumption of the sulfur-solidifying agent by supplying 
the sulfur-solidifying agent only when it is needed, 
instead of supplying the sulfur-solidifying agent to the 
engine at all times while the engine is in operation. 

15 As described above, further, use of the sulfur- 

solidifying agent involves such problems as the emission 
of the particulate matter in an increased amount, 
formation of deposit on the engine and occurrence of 
knocking* Therefore, the sulfur-solidifying agent must 

2 0 be supplied to the engine by taking these problems into 
consideration . 

Described below are the embodiments of the method of 
controlling the supply of the additive by taking the 
above problems into consideration. 

2 5 (1) First Embodiment - 

In this embodiment, the sulfur-solidifying agent is 
supplied to the engine under a condition where the Sox 
can be easily occluded by the NOx occluding and reducing 
catalyst 20. Namely, the object of supplying the sulfur- 

30 solidifying agent to the engine is to prevent the 
occlusion of SOx by the NOx occluding and reducing 
catalyst 20. Under a condition where the SOx can hardly 
be occluded by the NOx occluding and reducing catalyst 
20, there occurs no problem even if the sulfur- 

35 solidifying agent is supplied in a decreased amount or is 
not supplied. 

In this embodiment, therefore, the sulfur- 
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solidifying agent is not supplied or is supplied in a 
decreased amount under a condition where th occlusion of 
SOx by the NOx occluding and reducing catalyst 20 is 
suppressed to thereby decrease the consumption of the 
sulfur-solidifying agent and to suppress the formation of 
the particulate matter, formation of deposit and 
occurrence of knocking, 

One of the conditions dominating the occlusion of 
SOx by the NOx occluding and reducing catalyst is the 
catalyst atmosphere (air-fuel ratio of the exhaust gas). 

That is, when the air-fuel ratio of the exhaust gas 
is lean, the SOx is easily occluded by the NOx occluding 
and reducing catalyst. as the air-fuel ratio of the 
exhaust gas becomes rich, however, the SOx is hardly 
occluded by the NOx occluding and reducing catalyst. 

In this embodiment, therefore, the condition for 
suppressing the occlusion of SOx by the NOx occluding and 
reducing catalyst 20 is that the catalyst atmosphere is 
at the stoichiometric air-fuel ratio or a lean air-fuel 
ratio, or the engine is operated under such a condition 
that the catalyst atmosphere becomes the stoichiometric 
air-fuel ratio or a lean air-fuel ratio (combustion air- 
fuel ratio becomes the stoichiometric air-fuel ratio or a 
lean air-fuel ratio). When one or more of these 
conditions are satisfied, the sulfur-solidifying agent is 
not supplied to the engine 1 or is supplied thereto in a 
deer e ased amount . 

In detail, the sulfur-solidifying agent is not 
supplied or is supplied in a decreased amount in the 
following cases in this embodiment. 

1) When the engine is operating at the stoichiometric 
air-fuel ratio or at a rich air-fuel ratio due to a 
change in the traveling condition of the vehicle and 
operating condition of the engine. 

Fig. 2 is a diagram illustrating a relationship 
between the load condition and the operating air-fuel 
ratio of the engine I according to the embodiment. in 
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-this embodiment as shown in Fig. 2, the operating air- 
fuel ratio of the engine 1 is varied depending upon the 
load condition. Namely, in the region where the engine 
rotational speed is in a low to intermediate range and 
5 the engine output torque (accelerator opening degree) is 
in a small to intermediate range, the engine is operated 
at a lean air-fuel ratio. In a region where the 
rotational speed and the output torque are in an 
intermediate to high range, the engine is operated at the 
10 stoichiometric air-fuel ratio. In a region where the 

rotational speed and the output torque are in a high 
range, further, the engine is operated at a rich air-fuel 
ratio. 

In this embodiment, therefore, when the engine load 
15 condition is such that the engine is operated at the 

stoichiometric air-fuel ratio or at a rich air-fuel 
ratio, the sulfur-solidifying agent is not supplied or is 
supplied in a decreased amount. 

2) When the rich spike operation is executed. 

2 0 In this embodiment, the rich spike operation is 

carried out to operate, at regular intervals and at a 
rich air-fuel ratio and for a short period of time, the 
engine 1, that is in operation, at a lean air-fuel ratio 
in" order to reduce and purify the NOx occluded by the NOx 

25 occluding and reducing catalyst 20. 

Through the normal rich spike operation as described 
above, the sox occluded by the NOx occluding and reducing 
catalyst cannot be released. When the rich spike 
operation is being executed, however, the exhaust gas 

30 becomes a rich air-fuel ratio and, hence, the SOx in the 
exhaust gas is not occluded by the NOx occluding and 
reducing catalyst. 

In this embodiment, therefore, the sulfur- 
solidifying agent is not supplied or is supplied in a 

35 decreased amount while the rich spike operation is being 
executed. 

3) When the sulfur contamination-removing operation is 



executed. 

The SOx once occluded by the NOx occluding and 
reducing catalyst can be released from the NOx occluding 
and reducing catalyst by executing the sulfur 
5 contamination-removing operation by holding the time in 
which the exhaust gas temperature is maintained to be 
higher than the normal temperature under the rich air- 
fuel ratio condition. When the sulfur contamination- 
removing operation is executed, the SOx is not occluded 
10 by the NOx occluding and reducing catalyst as a matter of 

course . 

According to this embodiment, therefore, the sulfur- 
solidifying agent is not supplied or is supplied in a 
decreased amount when the sulfur contamination-removing 

15 operation is being executed. 

4) When the bank control is executed. 

During the rich spike operation and the sulfur 
contamination-removing operation, the exhaust gas flowing 
into the NOx occluding and reducing catalyst must have a 

2 0 rich air-fuel ratio. In this case, in general, the whole 

cylinders of the engine are operated at a rich air-fuel 
ratio, so that the exhaust gas flowing into the catalyst 
acquires a rich air^fuel ratio. It is, however, also 
possible to carry out the rich spike operation and the 

2 5 sulfur contamination-removing operation by conducting a 

so-called bank control according to which, for example, 
some cylinders are operated at a rich air-fuel ratio and 
other cylinders are operated at a lean air-fuel ratio, 
such that the exhaust gas from the cylinders after having 
30 mixed together acquires a rich air-fuel ratio. 

Upon conducting bank control, the exhaust gas 
containing unburned HC in large amounts is exhausted from 
the cylinders that are operated at a rich air-fuel ratio, 
and the exhaust gas containing oxygen in large amounts is 

3 5 exhausted from the cylinders operated at a lean air-fuel 

ratio. Accordingly, the exhaust gas after having mixed 
together and flowing into the catalyst as a whole has a 
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rich air- fuel ratio and contains unburned HC and oxygen 
in large amounts. On the NOx occluding and reducing 
catalyst, therefore, the unburned HC reacts with oxygen, 
whereby heat is generated by the oxidation reaction and 
5 the temperature of the catalyst rises. Bank control is 

conducted when the catalyst temperature is low or when 
the catalyst temperature must be elevated as when the 
sulfur contamination-removing operation is to be 
conducted, to elevate the temperature of the NOx 

10 occluding and reducing catalyst. 

When the bank control is being executed, at least 
some of the cylinders are operated at a rich air-fuel 
ratio. In the combustion in these cylinders, therefore r 
the sulfur oxide such as SOx is hardly formed. 

15 Therefore, the sulfur-solidifying agent need not, at 

least, be supplied to the cylinders operating at a rich 
air-fuel ratio. When the bank control is conducted to 
execute the rich spike and the sulfur contamination- 
removing operation, further, the exhaust gas flowing into 

20 the catalyst as a whole has a rich air-fuel ratio to 

suppress the absorption of SOx by the NOx occluding and 
reducing catalyst. in this case, therefore, the sulfur- 
solidifying agent is supplied to none of the cylinders. 
Fig. 3 is a flowchart illustrating the additive 

25 supply control operation. This operation is executed by 

the ECU 30 at regular intervals. 

In the operation of Fig. 3, it is determined at step 
301 f first, whether the condition for suppressing the 
occlusion of SOx by the NOx occluding and reducing 

30 catalyst is satisfied. The condition for suppressing the 
SOx occlusion determined at step 301 is, as described 
above, 1) the engine is now being operated in a region of 
the stoichiometric air-fuel ratio or a rich air-fuel 
ratio, 2) the rich spike operation is being executed, 3) 

35 the sulfur contamination-removing operation is being 

executed, or 4) the bank control is being executed. when 
any one or more of 1) to 4) are satisfied, it is 



determined that the SOx occlusion suppressing condition 
is satisfied. 

When the condition of step 301 is not satisfied, the 
routine proceeds to step 303 where the discharge amount 
of the additive pump 53 is set to a predetermined value, 
and the additive is injected at a predetermined flow rate 
into the common rail 41* Then, the sulfur-solidifying 
agent mixed into the fuel in the common rail 41 is 
injected into the combustion chambers in the cylinders 
from the fuel injectors 40- The supplied amount of the 
additive is so set that the concentration of the sulfur- 
solidifying agent in the fuel injected into the 
combustion chamber is not large enough to form the 
particulate matter in large amounts but does ensure that 
the gaseous SOx decreases in the exhaust gas. The amount 
of supplying the additive, however, varies depending upon 
the kind of the fuel, type of the engine, etc. it is, 
therefore, desired to determine an optimum concentration 
in advance by experiment. 

when the SOx occlusion suppressing condition is held 
at step 301, on the other hand, the routine proceeds to 
step 3 05 where the additive supply limiting operation is 
carried out. In the additive supply limiting operation, 
the ECU 3 0 decreases the discharge amount of the additive 
pump 53 to be smaller than the discharge amount at step 
303 or stops the discharge of the pump 53. This 
decreases the consumption of the sulfur-solidifying 
agent, and suppresses the formation of particulate 
matter, deposit and the occurrence of knocking. 

Fig. 4 is a diagram similar to fig. 1 and 
illustrates the constitution of an apparatus for putting 
a modified example of the embodiment into practice, in 
Fig. 4, the same reference numerals as those of Fig. 1 
denote the same elements as those of Fig, l. 

The constitution of Fig 4 is different from the 
constitution of Fig. 1 only in that the air^-fuel ratio 
sensor 31 is disposed in the exhaust gas passage 
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downstream of the NOx occluding and reducing catalyst 20, 

The air-fuel ratio sensor 31 is the one for 
detecting the air-fuel ratio of the exhaust gas based on 
the oxygen concentration in the exhaust gas . 
5 In the above-mentioned embodiment, the operating 

condition of the engine in which the atmosphere of the 
NOx occluding and reducing catalyst becomes a rich air- 
fuel ratio is regarded as the SOx occlusion suppressing 
condition (step 301 in Fig. 3), in practice, however, 
10 even when the exhaust gas of the engine acquires a rich 

air-fuel ratio, the atmosphere of the catalyst does not 
immediately become rich due to the emission of oxygen 
from the catalyst surfaces, and a slight time deviation 
occurs . 

15 In this embodiment, therefore, the supply of 

additive is controlled more precisely by detecting the 
air-fuel ratio of the exhaust gas that has really passed 
through the NOx occluding and reducing catalyst 2 0 by 
using the air-fuel ratio sensor 31 disposed on the 

20 downstream of the NOx occluding and reducing catalyst 2 0 

and by directly judging the condition of atmosphere of 
the NOx occluding and reducing catalyst 20. 

Namely, in this operation, the air-fuel ratio of the 
exhaust gas on the downstream of the NOx occluding and 

25 reducing catalyst 20 is detected by using the air-fuel 
ratio sensor 31. When the detected air-fuel ratio is 
lean, the additive is supplied at step 303 in Fig. 3. 
when the air-fuel ratio that is detected is 
stoichiometric or rich, the supply of additive is limited 

3 0 at step 3 05. When the supply of the additive is not 

stopped but is continued in a decreased amount, the 
amount of supplying the additive may be decreased with, 
for example, a decrease in the air-fuel ratio (as the 
air-fuel ratio becomes rich). 

35 (2) Second Embodiment. 

Next, a second embodiment of the invention will be 
described. 
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In the abov -mentioned embodiment:, the supply of the 
sulfur-solidifying agent to the engin was controlled 
depending upon the condition of atmosphere of the NOx 
occluding and reducing catalyst. In this embodiment, 
however, the sulfur-solidifying agent is not supplied to 
the engine or is supplied in a decreased amount under the 
condition where the SOx is released from the NOx 
occluding and reducing catalyst. 

in a state where the occluded SOx is released from 
the NOx occluding and reducing catalyst as described 
above, the SOx in the exhaust gas is not occluded by the 
NOx occluding and reducing catalyst even when the gaseous 
SOx is contained in the exhaust gas. 

In this embodiment, therefore, the sulfur- 
solidifying agent is not supplied or is supplied in a 
decreased amount under the condition where the SOx is 
released from the NOx occluding and reducing catalyst 20 
thereby to decrease the consumption of the sulfur- 
solidifying agent and to suppress the formation of 
particulate matter, deposit and the occurrence of 
knocking . 

As described earlier, the NOx occluding and reducing 
catalyst releases the SOx which it has occluded when the 
temperature of the catalyst is high. 

in this embodiment, therefore, the following engine 
operating condition where the temperature of the catalyst 
rises is regarded to be the SOx releasing condition. 
1) When the engine continues to operate at a high speed 
carrying a large load (or the vehicle travels at a high 
speed). 

As described with reference to Fig. 2, the engine 1 
according to the embodiment is operated at the 
stoichiometric air-fuel ratio or at a rich air-fuel ratio 
when it runs at a high speed carrying a large load. 
During the operation at a high speed carrying a large 
load, therefore, the exhaust gas temperature of the 
engine rises. when the engine continues to run at a high 
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speed carrying a large load (when the v hicle is operated 
at a high speed) to some extent, therefore, the 
temperature of the catalyst has been raised, and the SOx 
is not occluded by the NOx occluding and reducing 
5 catalyst, 

in this embodiment, therefore, the sulfur- 
solidifying agent is not supplied or is supplied in a 
decreased amount when the engine continues to operate at 
a high speed carrying a large load (or when the vehicle 
10 is operated at a high speed) for longer than a 

predetermined period of time, 

2) When the sulfur contamination-removing operation is 
executed. 

When the sulfur contamination-removing operation is 
15 executed, the catalyst is acquiring a rich air-fuel ratio 
and a high temperature, and the occluded SOx is released 
from the NOx occluding and reducing catalyst* Therefore, 
the SOx is not occluded by the NOx occluding and reducing 
catalyst even when the SOx is contained in the exhaust 
2 0 gas. 

In this embodiment, therefore, the sulfur- 
solidifying agent is not supplied or is supplied in a 
decreased amount when the sulfur contamination-removing 
operation is executed for the NOx occluding and reducing 
25 catalyst 20. 

3) When the bank control is executed. 

When the bank control is executed for the engine as 
described above, unburned hydrocarbons emitted from the 
cylinders of a rich air-fuel ratio burn on the NOx 

30 occluding and reducing catalyst, and the catalyst 

temperature rises. In this case, too, therefore, the 
temperature of the NOx occluding and reducing catalyst 
rises, the SOx occluded by the NOx occluding and reducing 
catalyst is easily released, and the SOx is hardly 

35 occluded. 

In this embodiment, therefore, the sulfur- 
solidifying agent is not supplied or is supplied in a 
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decreased amount wh n the bank control is ex cuted for 
the engine . 

Fig. 5 is a flowchart concr tely illustrating the 
additive supply control operation mentioned above. This 
5 operation is executed by the ECU 30 at regular intervals. 

In the operation of Pig. 5, it is determined at step 
501, first, whether the condition of atmosphere of the 
NOx occluding and reducing catalyst is now the one for 
promoting the release of SOx. Here, the condition for 

10 promoting the release of SOx from the NOx occluding and 

reducing catalyst is, as described above, 1) the engine 
is continuously operating at a high speed carrying a high 
load (vehicle is traveling at a high speed) for more than 
a predetermined period of time, 2) the sulfur 

15 contamination-removing operation is being executed, or 3) 

the bank control is being executed for the engine. When 
any one or more of 1) to 3) are satisfied, it is 
determined that the SOx release promoting condition is 
satisfied. 

2 0 When the SOx release promoting condition is 

satisfied at step 501 , the routine proceeds to step 503 
where the additive is supplied to the engine. When the 
SOx release promoting condition is not satisfied, the 
routine proceeds to step 505 to stop the supply of 

2 5 additive to the engine or to supply the additive in a 

decreased amount. Steps 503 and 505 are the same 
operations as those of steps 303 and 305 of Fig. 3. 

Upon executing the operation of Fig. 5, it is 
possible to decrease the consumption of the sulfur- 

30 solidifying agent and to suppress the formation of 
particulate matter, deposit and the occurrence of 
knocking. 

Next, a modified example of this embodiment will be 
described with reference to Fig. 6. 
35 Fig. 6 is a diagram similar to Fig. 1 and 

illustrates the constitution of an apparatus for putting 
the modified example of the embodiment into practice. 



In the drawing, the same reference numerals as those of 
Fig 1 denote th same elements as those of Fig. i. 

The constitution of Fig, 6 is diff rent from the 
constitution of Fig. 1 only with respect to the 
5 disposition of the exhaust gas temperature sensor 33 in 

the exhaust gas passage downstream of the NOx occluding 
and reducing catalyst 20. 

In the embodiment of Fig. 6, it is directly 
determined whether the condition for promoting the 

10 release of SOx from the NOx occluding and reducing 

catalyst 20 is satisfied based on the temperature of the 
exhaust gas detected by the exhaust gas temperature 
sensor 33 instead of indirectly estimating it from the 
engine operating condition. That is, when the 

15 temperature of the exhaust gas after having passed 

through the NOx occluding and reducing catalyst 20 is 
higher than a predetermined value as detected by the 
exhaust gas temperature sensor 33 , the ECU 30 so judges 
that a condition for promoting the release of SOx from 

20 the NOx occluding and reducing catalyst 20 is satisfied* 

Upon directly judging the condition of atmosphere of 
the NOx occluding and reducing catalyst 2 0 based on the 
exhaust gas temperature detected by the exhaust gas 
temperature sensor 33 downstream of the catalyst 20, it 

2 5 is possible to control the supply of the additive more 

correctly. 
( 3 ) Third Embodiment . 

Next, described below is a third embodiment of the 
present invention. In the above first and second 
30 embodiments/ the consumption of the sulfur-solidifying 

agent was decreased and the formation of the particulate 
matter was suppressed by not supplying the sulfur- 
solidifying agent or by supplying the sulfur-solidifying 
agent in a decreased amount when the NOx occluding and 

3 5 reducing catalyst was under a condition where the SOx was 

hardly occluded. 

in this embodiment, on the other hand, the occlusion 



of SOx by the NOx occluding and reducing catalyst is 
permitted to some extent within a range in which there is 
no drop in the NOx purification efficiency which is the 
principal function of the NOx occluding and reducing 
catalyst . 

The NOx occluding ability of the NOx occluding and 
reducing catalyst varies depending upon various factors 
such as the catalyst temperature, amount of NOx occluded 
in the catalyst, deterioration of the catalyst (inclusive 
of sulfur contamination) . when the NOx occluding and 
reducing catalyst has a sufficiently large NOx occluding 
ability, the NOx purification efficiency does not 
decrease too much owing to a margin in the NOx occluding 
capability even if the SOx is occluded to some extent. 

However, when the SOx is occluded in a state where 
there is no margin in the decreased NOx occluding 
capability of the NOx occluding and reducing catalyst, a 
drop in the NOx purification efficiency becomes 
relatively great . 

In this embodiment, therefore, when the NOx 
occluding and reducing catalyst has a sufficiently large 
NOx occluding capability, the sulfur-solidifying agent is 
not supplied to the engine or is supplied thereto in a 
decreased amount. When the NOx occluding capability has 
dropped to be smaller than a given value, the sulfur- 
solidifying agent is supplied in an increased amount to 
the engine or the supply thereof is resumed. 

In this embodiment, therefore, it is possible to 
decrease the consumption of the sulfur-solidifying agent 
and to suppress the formation of particulate matter, etc. 

Fig. 7 is a diagram similar to Fig. 1 and 
illustrates the constitution of an apparatus for carrying 
out the method of purifying exhaust gas according to the 
embodiment. In Fig. 7 , the same reference numerals as 
those of Fig 1 denote the same elements as those of Fig. 
1 . 

The embodiment of Fig. 7 is different from the 
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constitution of Fig. 1 only with respect to the NOx 
concentration sensor 35 disposed in the exhaust gas 
passage downstream of the NOx occluding and reducing 
catalyst 20 to detect the NOx concentration in the 
5 exhaust gas. 

During the operation at a lean air-fuel ratio, the 
NQx occluding and reducing catalyst 20 occludes the NOx 
in the exhaust gas. Therefore, the amount of NOx 
occluded by the NOx occluding and reducing catalyst 2 0 

10 gradually increases, and the NOx occluding capability of 

the NOx occluding and reducing catalyst decreases 
correspondingly. As the nox occluding capability 
decreases, the NOx purification efficiency of the 
catalyst also decreases. The portion of the NOx in the 

15 exhaust gas passing through the NO v occludino and 

reducing catalyst without being occluded by Lhe catalyst 
increases. That is, the NOx concentration in the exhaust 
gas downstream of the catalyst increases with a decrease 
in the occluding capability of the NOx occluding and 

20 reducing catalyst . 

in this embodiment, the NOx occluding capability of 
the NOx occluding and reducing catalyst 20 is judged to 
have decreased to smaller than a predetermined value when 
the NOx concentration detected by the NOx concentration 

2 5 sensor 35 has become greater than a predetermined value 

by using the NOx concentration in the exhaust gas 
detected by the NOx concentration sensor disposed on the 
downstream of the NOx occluding and reducing catalyst 20 
as an index for representing the NOx occluding capability 

3 0 of the NOx occluding and reducing catalyst 20. Then, the 

sulfur-solidifying agent is supplied to the engine in an 
increased amount or the supply thereof is resumed to 
prevent a large drop in the NOx purification efficiency. 
In this embodiment, therefore, it is possible to 
3 5 decrease the consumption of the sulfur-solidifying agent 
and to suppress the formation of particulate matter, etc. 
Fig. 8 is a flowchart illustrating the additive 
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supply control operation according to the embodiment . 
This operation is executed by th ECU 30 at regular 
intervals . 

In the operation of Fig* 8, step 801 reads a NOx 
concentration NK in the exhaust gas downstream of the NOx 
occluding and reducing catalyst 20 detected by the NOx 
concentration sensor 35* At step 803 , then, it is 
determined whether the NOx concentration NR that is read 
is greater than a predetermined reference value NR*. in 
this embodiment, the reference value nr 0 has been set to 
be a suitable value smaller than an allowable NOx 
concentration downstream of the catalyst 20. 

When NR < NR C at step 803, the NOx flows in 
decreased amounts to the downstream of the catalyst 2 0 
and it is considered that there is still a margin in the 
NOx occluding capability of the NOx occluding and 
reducing catalyst 20. Accordingly , the routine proceeds 
to step 805 where the supply of the additive is 
discontinued or the additive is supplied in a decreased 
amount , to the engine 1 . 

when nr & NRo at step 803, on the other hand, it can 
be determined that there is little margin in the NOx 
occluding capability that has decreased of the NOx 
occluding and reducing catalyst 20. In this case, 
therefore, the amount of the additive is increased at 
step 807 to an amount larger than the amount of supply at 
step 805. Or, when the supply had been interrupted at 
step 805, the supply is resumed. 

This prevents a large drop in the NOx occluding 
capability that results when the sOx in the exhaust gas 
is occluded by the NOx occluding and reducing catalyst 2 0 
which has a decreased NOx occluding capability. 

Pig. 9 is a diagram schematically illustrating the 
constitution of an apparatus for putting a modified 
example of the third embodiment into practice* 

The apparatus of Pig. 9 is different from the 
apparatus of Pig. 7 with respect only to a NOx 
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concentration sensor 3 6 disposed on the upstream of the 
NOx occluding and reducing catalyst 20 in addition to the 
one disposed downstream thereof . 

In the embodiment of Figs. 7 and 8, the NOx 
5 occluding capability of the NOx occluding and reducing 
catalyst 2 0 was determined based only upon the NOx 
concentration of the exhaust gas downstream of the NOx 
occluding and reducing catalyst 20. 

The NOx occluding ability of the NOx occluding and 

10 reducing catalyst 20 is expressed as the amount (or 

ratio) of NOx occluded by the catalyst 20 out of the NOx 
in the exhaust gas that is flowing in. When the NOx 
occluding capability decreases, the NOx flows in an 
increased amount to the downstream without being occluded 

15 by the catalyst 20, and the NOx concentration increases 

in the exhaust gas on the downstream side. In the above- 
mentioned embodiment, therefore, the NOx concentration in 
the exhaust gas downstream of the catalyst 20 is used as 
an index of the NOx occluding capability of the catalyst 

2 0 20. in practice, however, the NOx concentration in the 

exhaust gas downstream of the NOx occluding and reducing 
catalyst 20 is subject to be changed not only by the NOx 
occluding capability of the catalyst 2 0 but also by the 
NOx concentration in the exhaust gas flowing into the NOx 

25 occluding and reducing catalyst 20. 

To correctly judge the NOx occluding capability of 
the NOx occluding and reducing catalyst 20, therefore, it 
is desired to take into consideration not only the NOx 
concentration in the exhaust gas downstream of the NOx 

30 occluding and reducing catalyst 20 but also the 

concentration of NOx in the exhaust gas on the upstream 
side. 

In this embodiment, therefore, a value that serves 
as an index of the NOx occluding capability of the NOx 
35 occluding and reducing catalyst 20 is calculated by using 
the NOx concentration DNR downstream of the NOx occluding 
and reducing catalyst 20 detected by the NOx 
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concentration sensor 35 and th NOx concentration UNR on 
the upstream of the NOx occluding and reducing catalyst 
20 detected by the NOx concentration sensor 36. 

As described above, the NOx occluding capability of 
5 the NOx occluding and reducing catalyst is expressed by 

what amount of NOx is occluded, by the catalyst 20, of 
the NOx in the exhaust gas flowing in. The amount of NOx 
occluded by the NOx occluding and reducing catalyst 
varies in proportion to, for example, the difference 

10 between the NOx concentration UNR on the upstream of the 

catalyst and the NOx concentration DNR on the downstream 
thereof. it is therefore allowable to use Anr ~ UNR - 
DNR as an index of NOx occluding capability of the NOx 
occluding and reducing catalyst 20. 

15 Similarly, further, the NOx occluding capability can 

be defined as a ratio of the NOx amount occluded, by the 
catalyst 20, of the NOx in the exhaust gas flowing in. 
Accordingly, a ratio RNR - DNR /UNR of the NOx 
concentration DNR downstream of the catalyst to the NOx 

2 0 concentration UNR upstream thereof, may be used as an 

index of the NOx occluding capability. 

Fig. 10 is a flowchart illustrating the additive 
supply control operation of when ANR is used as an index 
of the NOx occluding capability. This operation is 

25 executed by the ECU 30 at regular intervals. 

In the operation of Fig. 10, the output UNR of the 
NOx concentration sensor 36 on the upstream side is read 
at step 10 01 together with the output DNR of the NOx 
concentration sensor 3 5 on the downstream side, and a 

30 difference ANR between UNR and DNR is calculated at step 
1003 as an index of the NOx occluding capability of the 
NOx occluding and reducing catalyst 20. 

At step 1005, it is determined whether Anr has 
become smaller than a predetermined reference value ANRq. 

35 when Anr is greater than the reference value ANR 0 , it is 
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considered that the NOx occluding capability of th NOx 
occluding and reducing catalyst 2 0 is still sufficiently 
large. Therefore, the routine proceeds to step 1007 
where the supply of the additive is discontinued or the 
5 additive is supplied in a small amount to the engine 1. 

when ANR £ ANR 0 at step 1009, on the other hand, it 

is determined that the NOx occluding capability of the 
NOx occluding and reducing catalyst 20 has so decreased 
that little margin is left. In this case, therefore, the 
10 supply of the additive is increased or is resumed at step 

1009, 

This prevents a further large drop in the NOx 
occluding capability of the NOx occluding and reducing 
catalyst. 

15 (4) Fourth Embodiment. 

Next, a fourth embodiment of the present invention 
will be described. 

In this embodiment, the supply of the sulfur- 
solidifying agent to the engine is controlled by using 

20 the device of the constitution shown in Fig. 1 from the 

standpoint of preventing the formation of deposit on the 
exhaust valves of the engine. 

As described above, the sulfur-solidifying agent 
forms a metal sulfate upon reacting with the sulfur 

25 component in the fuel during the combustion. The sulfate 
assumes the form of solid particles at normal exhaust gas 
temperatures. Depending upon the conditions, therefore, 
the sulfate may deposit on the spark plugs, intake valves 
and exhaust valves to form a deposit. When the sulfate 

30 deposits on the intake valves and exhaust valves, the 
valves often malfunction, such as being poorly closed. 
Therefore, the formation of deposit must be suppressed as 
much as possible. Formation of the deposit varies 
depending upon the combustion temperature and the exhaust 

3 5 gas temperature of the engine, and further varies 
depending upon the engine operating conditions. 
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In this embodiment, therefore, when the engine is 
operated under a condition where the formation of deposit 
is promoted, the sulfur-solidifying agent is supplied to 
the engine in a decreased amount or is not supplied to 
5 prevent the deposition. under a predetermined condition, 

further, the sulfur-solidifying agent is supplied to the 
engine in a decreased amount or is not supplied, thereby 
to decrease the consumption of the sulfur-solidifying 
agent and to prevent an increase in the formation of the 

10 particulate matter. 

The sulfate formed by the reaction of the sulfur- 
solidifying agent with sulfur in the fuel is in the form 
of a gas being heated at a high temperature by the 
combustion. As the temperature of the combustion gas 

15 (exhaust gas) decreases, however, the gasified sulfate 

precipitates as a solid in the exhaust gas to form solid 
particles . 

when the temperature of the exhaust gas is low while 
it is in the combustion chamber or while it is passing 

20 through the exhaust valve, therefore, the sulfate 

precipitates as solid particles on the exhaust valves to 
form a deposit- When the combustion temperature of the 
engine is low or when the engine temperature is low, 
therefore, the formation of deposit is promoted. 

25 in this embodiment, therefore, when the engine is 

operated under a condition of promoting the formation of 
deposit, i.e., under the operating condition where the 
engine temperature and the combustion gas temperature are 
low, therefore, the sulf ur~solidif ying agent is supplied 

30 to the engine in a decreased amount or is not supplied, 
to suppress the formation of deposit. 

Fig. 11 is a flowchart illustrating the additive 
supply control operation according to the embodiment. 
This operation is executed by the ECU 3 0 at regular 

35 intervals . 

In the operation of Fig. 11, the data representing 
the engine operating condition are, first, read at step 
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1101 • The data representing the engine operating 
condition referred to here are those related to, for 
example , the engine temperatures such as lubricating oil 
temperature , coolant temperature, load conditions (engine 
5 rotational speed, accelerator opening degree) , etc,, and 
the combustion gas (exhaust gas) temperature • These data 
are read from the corresponding sensors that are not 
shown . 

At step 1103, it is determined, based on the data 
10 read at step 1101, whether the engine is now being 

operated under a condition of promoting the formation of 
deposit. As described above, the engine operating 
condition for promoting the formation of deposit is the 
one where the engine temperature and the combustion 
15 temperature are low, such as when the external air 

temperature is low, when the engine is cold-operated, 
when the engine is operated right after the cold start, 
when the engine is idling or when the operation is 
continued at a low speed carrying a light load. 
2 0 when the engine is now operated at step 1103 under 

the condition of promoting the formation of deposit, the 
routine proceeds to step 1105 where the supply of the 
additive to the engine 1 is interrupted or the additive 
is supplied thereto in a decreased amount. Therefore, 
25 the formation of deposit is suppressed. 

When the engine is not now operated at step 1103 
under the condition of promoting the formation of 
deposit, the routine proceeds to step 1107 where the 
additive is supplied to the engine 1 in an amount greater 
30 than that at step 1105* Or, the supply is resumed when 
the supply had been interrupted at step 1105, This 
prevents the occlusion of sOx by the NOx occluding and 
reducing catalyst 20. 
(5) Fifth Embodiment- 
's Next, a fifth embodiment of the present invention 
will be described. 

In this embodiment, the supply of the sulfur- 
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solidifying agent is controlled by using the apparatus of 
the constitution shown in Fig. 1 to suppress the 
occurrence of knocking in the engine* 

The knocking occurs in the engine due to the pipe 
5 resonance caused by the self-ignition of the end gas in 

the cylinder. The knocking produces vibration and noise. 
The knocking that occurs to an excess degree causes 
damages to the spark plugs, valves and pistons in extreme 
cases • 

10 The knocking tends to occur in the engines in which 

the ignition timings are advanced or the compression 
ratios are increased. In particular, the knocking tends 
to occur near the full load where the compression 
pressure becomes high. 

15 The sulfur-solidifying agent added to the fuel does 

not affect the knocking when its amount is small but 
tends to cause the knocking when it is added in large 
amounts. Though the cause has not yet been clarified, it 
is presumed that the sulfur-solidifying agent added in 

20 large amounts to the fuel causes a drop in the 

concentration of high octane value components (e,g„, iso- 
octane, etc.) in the fuel by the amount of the sulfur- 
solidifying agent and, hence, the octane value of the 
fuel decreases. 

25 In this embodiment, it is determined whether the 

engine is now being operated in a region where the 
occurrence of knocking is promoted due to the sulfur- 
solidifying agent that is supplied. When the engine is 
operated in a region where the occurrence of knocking is 

30 promoted, the sulfur-solidifying agent is supplied to the 
engine in a decreased amount or is not supplied. 

As described above, this embodiment suppresses the 
occurrence of knocking, decreases the consumption of the 
sulfur-solidifying agent, and suppresses the particulate 

35 matter from being formed in increased amounts. 

Fig. 12 is a flowchart illustrating the additive 
supply control operation according to the embodiment. 
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This operation is executed by the ECU 30 at regular 
intervals . 

In the operation of Fig. 12, the data representing 
the engine operating condition are, first, read at step 
5 1201. The data representing the engine operating 

condition referred to here are those related to the 
engine load, such as engine rotational speed, accelerator 
opening degree (the amount of depression of the 
accelerator pedal by the operator) and the ignition 
10 timing. These data are read by the corresponding sensors 
that are not shown. 

Next, it is determined at step 1203 whether the 
engine is now being operated under a condition where the 
knocking easily occurs, i.e., in a state where the 
15 compression pressure in the cylinders is increased and 
the ignition timing is advanced, based on the data read 
at step 1201. 

When the engine is now being operated at step 1203 
under the condition where the knocking easily occurs, the 
20 sulfur-solidifying agent that is supplied to the engine 
may promote the occurrence of knocking. There fore , the 
routine proceeds to step 1205 where the supply of 
additive to the engine 1 is interrupted or the additive 
is supplied thereto in a decreased amount. Thus, the 
2 5 occurrence of knocking is suppressed. 

0120) 

When the engine at step 1203 is not operated under 
the condition where the occurrence of knocking is 
promoted by the supply of the sulfur-solidifying agent, 

30 the routine proceeds to step 120 7 where the amount of 
additive supplied to the engine 1 is increased to be 
larger than that at step 1205. Or, when the supply had 
been interrupted at step 12 05, the supply is resumed. 
Thus, the occlusion of SOx by the NOx occluding and 

35 reducing catalyst 20 is prevented. 

Fig. 13 is a diagram schematically illustrating the 
constitution of an apparatus according to a modified 
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example of th fifth embodiment- 

In Fig, 13/ the same reference numerals as those of 
Fig, 1 denote the same elements as those of Fig. 1. 
The apparatus of Fig. 13 is different from the 
5 apparatus of Fig. 1 with respect only to a knock sensor 

37 provided on the cylinder block of the. engine 1. 

The knock sensor 37 is the one of the known type for 
detecting vibration in a frequency band specific to the 
knocking of the engines. 

10 In the above-mentioned embodiment, the ECU 30 

judges, based on the engine operating condition, whether 
the present engine operating condition is the one where 
the occurrence of knocking is promoted due to the sulfur- 
solidifying agent that is supplied, and supplies the 

15 sulfur-solidifying agent to the engine in a decreased 

amount or interrupts its supply to the engine when it is 
a condition for promoting the occurrence of knocking. 
However, the occurrence of knocking is affected by 
various conditions, and the occurrence of knocking is not 

20 necessarily judged correctly from the engine operating 
condition. 

In this embodiment, therefore, whether the knocking 
is occurring is directly detected by using the knock 
sensor 37 instead of conducting the operation at step 

25 1203 of Fig. 12, and the additive is supplied to the 

engine by the operation at step 12 07 when the knocking is 
not occurring. When the knocking really occurrs, the 
operation of step 1205 is executed to decrease the amount 
of the additive supplied to the engine or to interrupt 

30 its supply. 

Thus, knocking in the engine is more reliably 
suppressed - 

In the above-mentioned embodiments, the additive 
containing a sulfur-solidifying agent is injected in a 
35 required amount into the common rail 1 by using the 

additive pump 53, and the sulfur-solidifying agent is 
injected into the combustion chamber from the fuel 
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injector 4 0 in a state of being mixed with the fuel in 
the common rail- However, the method of the pr sent 
invention is in no way limited thereto only. For 
example, each cylinder may be provided with a dedicated 
injector for injecting the additive into the combustion 
chamber in addition to the fuel injector 40 f and the 
additive pressurized by the pump 53 may be directly 
injected into the combustion chamber. 

According to the present invention, as explained 
above, the consumption of the sulfur-solidifying agent is 
decreased, and an increase in the formation of 
particulate matter is suppressed when the sulfur- 
solidifying agent is used for suppressing the sulfur 
contamination of the NOx occluding and reducing catalyst- 



